Abstract. By judicious use of extrapolations to the I-particle biisis set limit and n-particle calibration techniques, total atomization energies of molecules with up to four heavy atoms can be obtained with calibration accuracy (1 kJ Imol or better, on average) without any empirical correction. For the SCF energy a 3-point geometric extrapolation is the method of choice. For the MP2 correlation energy, a 2-point A + B I (I + 1/2)3 f:'xtrapolation is recommended, \vhile for CCSD and CCSD(T) correlation (-!1E'rgies we prefer the 3-point A + B I(l + I/2{ formula. Addition of high-e,,:~)onent 'inner polarization functions' to second-row atoms is essential for: eliable results. For the highest accuracy, accounts are required of inner-she:: correlation, atomic spin-orbit splitting, anharmonicity in the zero-point energy, and scalar relativistic effects.
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Introduction and statement of the problem
From an experimental point of "iew, the most fundamental thermocLemical property of a compound is its heat of formation in the gas phase. from a theoretical point of view, it is the total atomization energy (TAE. 'L-Do), that is, the energy required to dissociate a ground-state molecule into its constituent ground-state atoms in the gas phase. The two definitions, of course, differ merely by their choice of reference points for the con:::tituent elements.
The TAE of a molecule is one of the most difficult propertie.~. from an ab initio perspective, to compute accurately. * connectivity-based schemes such as Martin's 3-parameter correction (3PC) [6, 7] * bond additivity corrections such as the BAC-yIP4 scheme [8] * atom equivalent schemes (see e.g. Classifying by accuracy and applicability range, PCI-X, SAC, BAC-MP4, and similar schemes aim at near-chemical accuracy (2-5 kcal/mol) for large systems -a goal also attainable, in many cases, through modern density functional methods. [13, g] G2 theory, CBS-Q, and 3PC/ spdj permit chemical accuracy (about 1 kcal/mol), on average, for medium-sized molecules. CBS-QCI/ APNO and 3PC / spdj g permit mean absolute errors near 0.5 kcal/mol, while 3PC/spdjgh permits 0.24 kcal/mol (1 kJ/mol) accuracy.
The final alternative however -which relies on no other information than computed results for the molecule itself in a systematic sequence of basis sets -can reach the highest accuracies of all, 0.12 kcal/mol (0.5 kJ/mol) on average. With the present state of computer technology, this technique is limited to a system with about four heavy atoms, although larger systems can be treated at some trade-off in accuracy. It forms the subject of the present contribution.
Because this volume is primarily aimed at a readership of non-quantum chemists, \ve will briefly review some of the electronic structure methods used in this paper. Further details can be found in the review articles cited in the relevant sections.
